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A noninvasive tool for skin tumor diagnosis would
be a useful clinical adjunct. The purpose of this
study was to determine whether near-infrared
spectroscopy can be used to noninvasively character-
ize skin lesions. In vivo visible- and near-infrared
spectra (400±2500 nm) of skin neoplasms (actinic
keratoses, basal cell carcinomas, banal common
acquired melanocytic nevi, dysplastic melanocytic
nevi, actinic lentigines, and seborrheic keratoses)
were collected by placing a ®beroptic probe on the
skin. Paired t tests, repeated measures analysis of
variance and linear discriminant analysis were used
to determine whether signi®cant spectral differences
existed and whether spectra could be classi®ed
according to lesion type. Paired t tests showed signif-
icant differences (p < 0.05) between normal skin and
skin lesions in several areas of the near-infrared
spectrum. In addition, signi®cant differences were
found between the lesion groups by analysis of
variance. Linear discriminant analysis classi®ed
spectra from benign lesions compared with prema-
lignant or malignant lesions with high accuracy.
Near-infrared spectroscopy is a promising non-
invasive technique for the screening of skin lesions.
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S
kin cancer is the most common human cancer. In 1999, it
is estimated that there will be 70,000 new cases of skin
cancer in Canada (National Cancer Institute of Canada,
1999) and more than 1 million new cases in the United
States. The clinical diagnosis is often dif®cult as many
benign skin lesions resemble malignancies upon visual examination,
thus histopathologic analysis of skin biopsies remains the standard
for con®rmation of a diagnosis. The decision must be made as to
which and how many suspicious skin lesions to biopsy.
A rapid, noninvasive technique that could be utilized for
characterization of skin lesions prior to biopsy would be useful.
Infrared (IR) spectroscopy may be that tool (Jackson et al, 1997). The
IR spectrum is divided into three regions: near-IR (700±2500 nm),
mid-IR (2500±50,000 nm), and far-IR (beyond 50,000 nm). As light
in the far-IR region is completely absorbed by tissues, it is of little use
for tissue analysis. Mid-IR light is absorbed by a variety of materials in
skin, thus providing an insight into skin biochemistry. We have
shown that biopsies from basal cell carcinoma (BCC), squamous cell
carcinoma (SCC), and melanocytic tumors have distinct mid-IR
signatures when compared with normal skin (Mans®eld et al, 1999a;
McIntosh et al, 1999a,1999b); however, the diagnostic potential of
mid-IR spectroscopy in vivo is limited, as complete absorption of mid-
IR light results with samples greater than 10±15 mm in thickness. In
contrast, near-IR light is scattered to a much greater extent than it is
absorbed, making tissues relatively transparent to near-IR light, thus
allowing the examination of much larger volumes of tissue and the
potential for in vivo studies.
The near-IR region is often subdivided into the short (680±
1100 nm) and long (1100±2500 nm) near-IR wavelengths, based
upon the technology required to analyze light in these spectral
regions. At shorter near-IR wavelengths, the heme proteins
(oxyhemoglobin, deoxyhemoglobin, and myoglobin) and cyto-
chromes dominate the spectra, and their absorptions are indicative
of regional blood ¯ow and oxygen consumption. Long wavelength
near-IR absorptions arise from overtones and combination bands of
the molecular vibrations of C±H, N±H, and O±H groups. The
absorption of near-IR light, therefore, provides information
concerning tissue composition (i.e., lipids, proteins) and oxygen
delivery and utilization.
Acquisition of near-IR data is straightforward. Near-IR light is
brought from a spectrometer to the skin via a ®beroptic cable. The
light penetrates the skin, and water, hemoglobin species,
cytochromes, lipids, and proteins absorb this light at speci®c
frequencies. The remaining light is scattered by the skin, with some
light being scattered back to the ®beroptic probe. The light is
collected by the probe and transmitted back to the spectrometer for
analysis. A plot of the amount of light absorbed at each wavelength
(the spectrum) is computed. Near-IR measurements are rapid,
nondestructive, and noninvasive.
The purpose of this study was to determine whether the
information obtained from near-IR spectroscopy for a variety of
skin lesions would prove to be suf®ciently characteristic as to be
diagnostic. Spectra from six types of skin lesion were collected, and
univariate and multivariate techniques were used to determine
whether differences existed between the skin lesions.
Manuscript received February 4, 2000; revised October 9, 2000;
accepted for publication October 10, 2000.
Reprint requests to: Dr. Laura McIntosh, Institute for Biodiagnostics,
National Research Council of Canada, 435 Ellice Ave., Winnipeg, MB,
Canada R3B 1Y6. Email: Laura.Mcintosh@nrc.ca
Abbreviations: ANOVA, analysis of variance; BCC, basal cell carcinomas;
IR, infrared; LDA, linear discriminant analysis; LSD, least signi®cant
difference
0022-202X/01/$15.00 ´ Copyright # 2001 by The Society for Investigative Dermatology, Inc.
175
MATERIALS AND METHODS
Subject selection A total of 195 cases was sampled from a study
population of 153 (83 women and 70 men) referred to Winnipeg
Dermatology Clinic for de®nitive diagnosis of a skin lesion, and for whom
proper management necessitated a biopsy of their lesion(s). Upon decision
by the dermatologist that a biopsy(ies) was required, the patient was
referred to the study nurse and the spectrum was recorded. Subjects were
excluded from the study if they: (i) were using any skin medication on the
site of the lesion; (ii) were presently undergoing radiotherapy or
chemotherapy; or (iii) had either type I or type II diabetes, which may
alter blood ¯ow in the skin. Following an explanation and discussion of the
study, informed consent was obtained. Ethical approval for this study was
obtained from the Research Ethics Board of the National Research
Council of Canada.
Acquisition of spectra Spectra were recorded in the 400±2500 nm
range in 2 nm steps using a commercial spectrometer (Foss NIRSystems,
Silver Springs, MD; Model 6500) equipped with a bifurcated near-IR
®beroptic probe with a 7 mm active area. Each re¯ectance spectrum was
collected with a 10 nm slit width, and consisted of 32 scans, which were co-
added to improve signal to noise. Prior to obtaining the near-IR readings,
the subject's skin and the end of the probe were cleansed with 70% alcohol.
The ®beroptic probe was then positioned 0.5 mm from the measurement
site by measuring with a micrometer. For all 195 cases, three near-IR
spectra were taken from (i) the lesion, and (ii) a contralateral area of normal
appearing skin (the control site). Acquisition of each spectrum took 40 s.
After acquisition of near-IR spectra, a biopsy of the lesion was taken.
Biopsies were sent to the pathologist, and hematoxylin and eosin stained
sections of formalin-®xed, paraf®n-embedded slides were evaluated. Based
on the histopathology, spectra were grouped into one of six lesion
categories: (i) actinic keratoses (33 cases, 99 spectra); (ii) BCC (32 cases, 96
spectra); (iii) dysplastic melanocytic nevi (13 cases, 39 spectra); (iv) actinic
lentigines (12 cases, 36 spectra); (v) banal common acquired nevi (22 cases,
19 intradermal and three compound nevi, 66 spectra); and (vi) seborrheic
keratoses (18 cases, 54 spectra). There are major and minor criteria for the
diagnosis of dysplastic nevi as addressed in detail by several authors (Rhodes
et al, 1989; Ahmed et al, 1990; Barnhill et al, 1990; Clemente et al, 1991). A
diagnosis of dysplastic nevi was made when at least two minor and both
major criteria were met (Crowson et al, 2000). A total of 130 cases was thus
included in the data set. The remaining 65 cases either did not ®t into one
of the above categories or the patient declined to have a biopsy after the IR
measurements. The histopathology was the ``gold standard'' by which
spectra were classi®ed.
Spectral processing and analysis Signi®cant noise was apparent in the
1850±2400 nm region due to the strong absorption of light by water in that
spectral range. Prior to data analysis spectra were therefore truncated to
400±1840 nm, leaving a total of 720 data points per spectrum. Spectra were
pooled according to the above six lesion categories. Spectra were
preprocessed by normalizing to their total area and offset correcting.
The mean and standard deviation spectrum for each lesion category was
generated by calculating the mean (6 SD) intensity at each of the 720
spectral data points for each category. Any spectrum that lay outside 2 SD
from the mean for each lesion group was removed from the study. It is
interesting to note that in all instances spectra that lay outside 2 SD were
associated with patient movement as recorded by the study nurse. The
remaining spectral database consisted of 94 (of 99) actinic keratosis spectra,
90 (of 96) BCC spectra, 38 (of 39) dysplastic nevus spectra, 33 (of 36)
actinic lentigo spectra, 63 (of 66) banal nevi, and 49 (of 54) seborrheic
keratosis spectra. Mean spectra for individual lesions were then calculated,
which resulted in 33 actinic keratoses, 34 BCC, 13 dysplastic nevi, 12
actinic lentigines, 22 banal nevi, and 18 seborrheic keratoses spectra.
The same procedure was followed for control spectra. A total of 378
spectra from 390 possible control spectra (acquired from 130 sites) was
found to lie within 2 SD of the mean spectrum. Once again, control spectra
that lay outside 2 SD from the mean were associated with patient
movement. Control spectra for each control site were then averaged,
resulting in 130 control spectra.
For each of the six skin lesion categories, paired t tests (Statistica 5.1.
StatSoft, Tulsa, OK) were applied to ®nd signi®cant differences between
lesion spectra and control skin. The resulting p-values were plotted against
wavelength. Subsequently, each mean control spectrum was subtracted
from each mean lesion spectrum in a pair-wise fashion to emphasize
differences between spectra. This resulted in one difference spectrum for
each case, representing spectral differences between the lesion and control
site. Based upon t test results, seven regions were selected in which to
perform repeated measures analysis of variance (ANOVA) on difference
spectra. Fisher's least signi®cant difference (LSD) and Duncan's multiple
range tests were performed post hoc (Statistica 5.1, StatSoft).
In addition to univariate statistical tests, data were subjected to
multivariate analysis. In the ®rst step of the multivariate analysis, an
optimal region selection genetic algorithm (Nikulin et al, 1998) was applied
to determine the three to ®ve most discriminatory regions of the difference
spectra. The data sets were then reduced to only those wavelength regions
and linear discriminant analysis (LDA) was performed using a ``leave-one-
out'' cross validation strategy (Eysel et al, 1997; Mans®eld et al, 1999b).
LDA returns a value ranging between 0 (not belonging) and 1 (belonging)
to each spectrum in a data set, indicating the membership in each class.
Thus, the values returned provide an indication of the likelihood of a
spectrum belonging to each class. Each spectrum is then allocated to the
class to which it most belongs.
RESULTS
The mean control (i.e., from normal skin) near-IR spectrum is
shown in Fig 1. Spectra are plotted showing the amount of light
absorbed by the skin at each wavelength between 400 and
1840 nm. Each peak in the spectrum can be assigned to a speci®c
compound found in the skin. Visually, strong absorption bands
arising from O±H groups of water dominate the near-IR spectrum;
however, much information is present in the weaker spectral
features. For instance, the relatively strong absorption feature at
» 550 nm arises from hemoglobin species and provides information
relating to the oxygenation status of tissues. Further information on
tissue oxygenation can be obtained from the analysis of a weak
absorption feature at 760 nm, arising from deoxyhemoglobin
(Stranc et al, 1998). Compositional information can be obtained
from an analysis of two absorption bands between 1700 and
1800 nm associated with C±H groups of skin lipids. In addition, a
series of weak absorption bands arising from protein N±H groups is
found in close proximity (usually overlapped by) the strong water
absorptions. In addition to information on tissue composition
(lipid, protein, and water content) and tissue oxygenation,
information on tissue architecture/optical properties can be
obtained from the spectra. For example, different tumor densities
(i.e., nodular vs diffuse) may result in more scattering of light from
the surface, reducing the penetration of light into the skin in a
wavelength-dependent manner. These changes would be manifest
in spectra as changes in baseline slope.
The variance observed at each point in the spectrum (variance
spectra) is also plotted in Fig 1. The variance spectra appear
essentially identical in form to the mean spectrum, the major
difference being a slight offset. Variance is essentially constant across
Figure 1. Mean normal control and variance spectrum. The origin of
the major absorption bands are indicated. The variance is indicated by the
shaded region.
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the spectral range used. This suggests that spectra are highly
reproducible, with only slight differences in absorption intensity
observed across the spectrum (most likely due to small differences
in probe placement).
Mean spectra for each type of lesion are shown in Fig 2. No
obvious qualitative differences were observed in spectral groups. To
assess whether signi®cant differences existed between control and
abnormal skin, paired t tests were applied at each wavelength. The
resulting p-values were plotted against wavelength (p-plots). In
Fig 2 mean normalized lesion spectra (red traces) and control
spectra (blue traces) are shown overlaid on corresponding p-plots
(black traces). Several areas of the resulting p-plot contained
contiguous regions of statistically signi®cant p-values (p < 0.05).
Each lesion-normal comparison exhibited a slightly different p-
plot, and therefore, a distinct pattern of signi®cance.
Based upon the p-plots, the following regions were chosen in
which to perform repeated measures ANOVA on difference spectra:
(1) 518±598 nm; (2) 618±698 nm; (3) 718±798 nm; (4) 918±
998 nm; (5) 1158±1238 nm; (6) 1418±1498 nm; and (7) 1718±
1798 nm (shaded regions in Fig 3). Fisher's LSD and Duncan's
Multiple Range tests, multiple comparison tests that are designed to
correct for multiple pair-wise comparisons, were performed post
hoc. As shown in Table I, both LSD and Duncan's tests showed
various signi®cant intergroup differences between the lesion
groups, depending on the region tested. Spectra from dysplastic
nevi were signi®cantly different from actinic keratoses, BCC,
lentigines, banal nevi, and seborrheic keratoses in a number of
spectral regions. In addition, BCC spectra were signi®cantly
different from banal nevi and seborrheic keratoses in three spectral
regions, and seborrheic keratoses were different from lentigines in
one spectral region.
Two class LDA were performed on the following comparisons:
(1) dysplastic vs banal nevi; (2) dysplastic nevi vs lentigines; (3)
actinic keratoses vs lentigines; (4) actinic keratoses vs seborrheic
keratoses; (5) BCC vs seborrheic keratoses; (6) BCC vs banal nevi;
and (7) dysplastic nevi vs seborrheic keratoses. Prior to performing
the LDA, optimal regions were identi®ed by the optimal region
selection genetic algorithm. Figure 4 shows the optimal regions for
comparisons 1, 3, 4, and 5. LDA resulted in an overall accuracy of
97.7±72.4% compared with a clinical accuracy (by visual examina-
tion) of 100±78.0% and are shown in Table II. For each
comparison in Table II, the numbers in rows represent the
histopathologic classi®cation, whereas results in columns represent
the calculated classi®cation.
DISCUSSION
The near-IR spectra of skin presented here exhibit strong
absorption bands from water and a number of weak, but consistent,
absorption bands arising from oxyhemoglobin and deoxyhemoglo-
bin, lipids and proteins; however, visual examination of spectra did
not show distinct differences in these spectral features that could be
Figure 2. Paired t test results comparing nor-
mal and skin lesion near-IR spectra. The
mean normalized spectra (blue and red traces) are
shown overlaid on p-plot traces (black). The opti-
cal density scale refers to the spectra, whereas the
p-value scales correspond to the p-plot traces.
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used to distinguish between spectra of skin lesions and healthy skin.
Univariate statistics were therefore applied in order to determine
whether differences existed between skin lesions and healthy skin.
Subsequently, multivariate statistics (LDA) were performed in an
attempt to classify spectra objectively.
As control spectra were acquired from a contralateral site for each
lesion, paired t tests were performed on spectra from each disease
grouping. The results demonstrated that each of the skin lesions
studied differed signi®cantly from normal skin in a number of
contiguous regions in the near-IR region. Although comparisons
Figure 3. Difference near-IR spectra from
skin lesions. Difference spectra were obtained by
subtracting spectra from each lesion-normal pair-
ing. Actinic keratoses (blue), BCC (red), actinic
lentigines (green), dysplastic nevi (black), banal
nevi (pink), and seborrheic keratoses (brown) are
shown. The areas used for ANOVA are shaded over
the spectra.
Table I. Statistically signi®cant p-values (p< 0.05) from Duncan's multiple range and Fisher's least signi®cant difference
(LSD) tests for the seven regions tested
Region Signi®cant comparisons p±value Signi®cant comparisons p±value
(nm) (Duncan's) (Fisher's LSD)
I No signi®cant difference N/A No signi®cant differences N/A
518±598
II Dysplastic nevi vs actinic keratoses 0.007 Dysplastic nevi vs actinic keratoses 0.005
618±698 Dysplastic nevi vs BCC 0.001 Dysplastic nevi vs BCC 0.001
Dysplastic nevi vs lentigines 0.001 Dysplastic nevi vs lentigines 0.002
BCC vs banal nevi 0.010 BCC vs banal nevi 0.001
BCC vs seborrheic keratoses 0.005 BCC vs seborrheic keratoses 0.001
Lentigines vs seborrheic keratoses 0.042 BCC vs actinic keratoses 0.021
III Dysplastic nevi vs BCC 0.014 Dysplastic nevi vs BCC 0.008
718±798 Dysplastic nevi vs lentigines 0.006 Dysplastic nevi vs lentigines 0.014
IV Dysplastic nevi vs BCC 0.010 Dysplastic nevi vs BCC 0.005
918±998 BCC vs banal nevi 0.032 BCC vs banal nevi 0.006
BCC vs seborrheic keratoses 0.047 BCC vs seborrheic keratoses 0.018
V Dysplastic nevi vs actinic keratoses 0.005 Dysplastic nevi vs actinic keratoses 0.003
1158±1238 Dysplastic nevi vs BCC 0.001 Dysplastic nevi vs BCC 0.001
Dysplastic nevi vs lentigines 0.001 Dysplastic nevi vs lentigines 0.002
Dysplastic vs banal nevi 0.022 Dysplastic vs banal nevi 0.026
Seborrheic keratoses vs BCC 0.019 Seborrheic keratoses vs BCC 0.005
Seborrheic keratoses vs lentigines 0.022 Seborrheic keratoses vs lentigines 0.032
VI Dysplastic nevi vs actinic keratoses 0.001 Dysplastic nevi vs actinic keratoses 0.001
1418±1498 Dysplastic nevi vs BCC 0.001 Dysplastic nevi vs BCC 0.001
Dysplastic nevi vs lentigines 0.001 Dysplastic nevi vs lentigines 0.001
Dysplastic vs banal nevi 0.001 Dysplastic vs banal nevi 0.001
Dysplastic nevi vs seborrheic keratoses 0.002 Dysplastic nevi vs seborrheic keratoses 0.007
VII Dysplastic nevi vs actinic keratoses 0.001 Dysplastic nevi vs actinic keratoses 0.001
1718±1798 Dysplastic nevi vs BCC 0.001 Dysplastic nevi vs BCC 0.001
Dysplastic nevi vs lentigines 0.001 Dysplastic nevi vs lentigines 0.001
Dysplastic vs banal nevi 0.001 Dysplastic vs banal nevi 0.001
Dysplastic nevi vs seborrheic keratoses 0.001 Dysplastic nevi vs seborrheic keratoses 0.001
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were only made between each skin lesion group and control skin,
each p-plot exhibited a slightly different pattern of signi®cance,
suggesting that signi®cant spectral differences existed between the
different types of skin lesions.
To assess whether statistical differences did indeed occur
between the different types of skin lesions, a repeated measures
ANOVA was performed on difference spectra. Fisher's LSD and
Duncan's multiple range tests were applied post hoc. Spectral
subregions were identi®ed for these analyses. Results demonstrated
that signi®cant differences existed between spectra of the different
types of lesions in all regions tested, except the visible region of the
spectrum (region 1, 518±598 nm); however, differences in no one
spectral region were suf®cient to allow differentiation between all
of the lesion groups.
Whereas near-IR spectra are still poorly understood, some
general comments may be made concerning the nature of the
spectral differences identi®ed by univariate statistics. At least two of
the spectral regions exhibiting signi®cant differences (by ANOVA)
are associated with absorption bands from hemoglobin species.
Speci®cally, the region 718±798 nm contains the absorption of
deoxyhemoglobin, whereas the region 918±998 nm contains a
broad absorption associated with oxyhemoglobin. Thus, signi®cant
differences between lesion and control spectra in these regions may
be indicative of changes in oxygenation or blood ¯ow. The regions
1158±1238 nm and 1418±1498 nm contain signi®cant absorption
bands from water, and possibly some contribution from protein N±
H groups. Thus, it appears as if changes in the amount or structure
of water in tissues occur between some types of lesion and control
tissues. Finally, spectral bands attributed primarily to C±H groups of
skin lipids populate the region 1718±1798 nm. Signi®cant differ-
ences between spectra in this region may imply differences in the
amount or structure of skin lipids.
Application of univariate statistics showed that signi®cant
differences not only exist between spectra of healthy skin and the
six lesions studied, but also between spectra of the lesions. Whilst
this is encouraging, signi®cant differences are not necessarily
diagnostic differences. To assess whether there were spectral
differences with diagnostic value, a pattern recognition technique,
genetic algorithm guided linear discriminant analysis (GA-LDA),
was applied to the data. GA-LDA makes use of the fact that clinical
information is available regarding the spectroscopic data (i.e.,
biopsy reports). This information is used to train an LDA algorithm
to recognize the particular combinations of peak frequencies,
absorption bandwidths, relative intensities, etc. that are character-
istic of spectra from a particular clinical grouping. The trained LDA
algorithm can then be applied to unknown spectra, and the
unknown spectra are partitioned into one of the clinical groupings
based upon the spectral pattern found. The advantage of LDA is
Figure 4. Optimal classi®cation regions of near-IR spectra from skin lesions. Class average spectra are shown with the regions for optimal
classi®cation (optimal region selection genetic algorithm) indicated in the darkly shaded regions and the regions that were signi®cant by ANOVA indicated in
the lightly shaded regions. Three optimal regions were selected for dysplastic vs banal nevi (a), ®ve regions for actinic keratoses vs actinic lentigines (b), ®ve
regions for actinic keratoses vs seborrheic keratoses (c) and four regions for BCC vs seborrheic keratoses (d). No regions were signi®cant by ANOVA for (b) and
(c).
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that a combination of spectral regions (which perhaps on their own
do not contain suf®cient information to allow diagnosis), rather
than individual regions, are used to achieve a diagnosis.
GA-LDA was applied to difference spectra from benign and
premalignant/malignant lesion groups. LDA successfully differen-
tiated some of the more dif®cult clinical comparisons with high
accuracy rates (greater than 80%), as shown in Table II. In
comparison, the clinical (visual) diagnostic rates, as made by an
experienced dermatologist, were higher than the LDA accuracy in
®ve of the seven comparisons. At ®rst thought this may seem
problematic, as one would expect any new noninvasive diagnostic
method (i.e., near-IR spectroscopy) to perform better than the
current noninvasive method (i.e., visual examination); however, it
is important to remember that biopsies were still performed in
order to con®rm the clinical impression, and biopsy remains the
gold standard for diagnosis of skin disease. Therefore, we propose
that the near-IR method presented in this study may serve to
support the dermatologist's initial clinical impression, thus
decreasing the number of unnecessary biopsies. Interestingly, other
studies report clinical diagnostic accuracy rates of 42±65% (Pitcher
et al, 1991; Hallock and Lutz, 1998). The LDA results presented
here compare very favorably with such studies and as such, the
near-IR method may aid the general practitioner in screening
lesions to biopsy and/or refer to the specialist.
Spectral regions that contained diagnostic information were not
the same as those identi®ed by ANOVA, perhaps re¯ecting the fact
that LDA uses combinations of regions (each of which on its own
may not show signi®cant differences between classes) to enable
diagnosis; however, many spectral regions identi®ed by GA-LDA
suggest essentially the same biochemical basis for distinguishing
between classes as by ANOVA. For example regions at about 760 nm
(deoxyhemoglobin), 900 nm (oxyhemoglobin), and 1200 nm
(water) allowed discrimination between actinic keratoses and
actinic lentigines; however, in some cases the biophysical basis
underlying the diagnostic regions remains unclear.
The ANOVA and LDA results are both positive steps towards
the differential diagnosis of skin cancer. For example, from a
clinical perspective, it is particularly noteworthy that dysplastic
nevi exhibited a highly signi®cant difference (p < 0.001) from
almost all other lesion groups across most of the regions tested
by ANOVA. In addition, classi®cation between dysplastic and
banal nevi had the highest accuracy of all classi®cations (97.7%),
with classi®cation between dysplastic nevi and lentigines close
behind (92%). Although there is a debate over the propensity of
dysplastic nevi to develop into malignant melanoma, the
accurate and early diagnosis of dysplastic nevi is a signi®cant
development in the recent emphasis placed on melanoma
detection. The differentiation of the premalignant (Callen et al,
1997) actinic keratosis from an early SCC, seborrheic keratosis,
or lentigo is of clinical importance and ANOVA was not
successful in this regard; however, LDA differentiated actinic
keratoses from lentigines and seborrheic keratoses with an
accuracy of 88.9% and 84.3%, respectively. It has been
suggested that clinicians focus more on the features of
seborrheic keratoses for differential diagnosis of skin cancer
(Marks et al, 1997), as seborrheic keratosis is perhaps the most
common lesion considered in the differential diagnosis of
melanoma in older persons (Rivers and Gallagher, 1995). Our
results showed signi®cant differences between seborrheic
keratoses, dysplastic nevi, BCC, and lentigines by ANOVA.
CONCLUSIONS
This is the ®rst extensive near-IR spectroscopic study of the
nonin¯ammatory skin lesions most commonly encountered in a
general dermatology clinic. The near-IR spectroscopic technique
has clear potential for the noninvasive diagnosis of skin lesions,
differentiating between normal skin and a variety of common skin
lesions. More importantly, it appears that near-IR spectroscopy
Table II. Linear discriminant analysis (LDA) results
Accuracy by LDA Accuracy by clinician
Dysplastic nevi Banal nevi
Dysplastic nevi 13a 0 100 91.7
97.7 89.6
Banal nevi 1 21 95.5 87.5
Dysplastic nevi Actinic lentigines
Dysplastic nevi 12 1 92.3 100
92.0 100
Actinic lentigines 1 11 91.7 100
Actinic keratoses Actinic lentigines
Actinic keratoses 31 2 93.9 96.0
89.9 78.0
Actinic lentigines 3 9 75.0 60.0
Actinic keratoses Seborrheic keratoses
Actinic keratoses 31 2 93.9 96.0
84.3 94.4
Seborrheic keratoses 6 12 66.7 92.8
BCC Seborrheic keratoses
BCC 31 1 96.9 96.8
81.8 94.8
Seborrheic keratoses 6 12 66.7 92.8
BCC Banal nevi
BCC 31 1 96.9 100
81.5 91.1
Banal nevi 9 13 59.1 82.3
Dysplastic nevi Seborrheic keratoses
Dysplastic nevi 8 5 61.5 100
72.4 100
Seborrheic keratoses 3 15 83.3 100
aNumbers in rows represent the histopathologic classi®cation, whereas results in columns represent the calculated LDA classi®cation. The numbers in bold are therefore
correct classi®cations. Numbers in bold italics are overall accuracy.
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holds promise for the discrimination of malignant from benign skin
tumors.
Near-IR spectroscopy could form the basis of a clinical method
to diagnose skin lesions. It is rapid (i.e., acquisition time of
minutes), simple to perform and noninvasive. Measurements are
accurate and reproducible. Collection of spectra causes little or no
patient discomfort, does not alter the basic physiology of the skin,
poses no hazard to the patient and does not interfere with any other
standard clinical diagnostic practices. The test could be performed
by a nonspecialist and therefore might be a useful tool for
prescreening skin lesions; however, before near-IR spectroscopy
ful®lls the promise suggested by this study, a number of issues must
be addressed.
1 Acquisition times must be reduced to 10 s or less. With the
acquisition time of 40 s used in this study, some patients, especially
elderly patients, found it dif®cult to remain still and this movement
contributed to spectral variance. Shorter measurement times will
reduce the effect of subject movement; however, a reduced
acquisition time may reduce spectral quality.
2 To improve data quality with short acquisition times,
®beroptic probe design must be improved. Improved ®ber design
will result in an increase in the amount of light collected from the
skin, improving data quality.
3 Portability of the instrument must be improved. The current
instrumentation has a footprint of 60 3 60 cm, a height of 50 cm,
and a mass of 25 kg. Ideally, the instrument should have a small
footprint (i.e., 30 3 20 cm) and weigh less than 3 kg. Such a
prototype has been commissioned and is being evaluated.
4 A larger, multisite study is required to demonstrate general
utility in clinical settings and in order to collect spectra from a
wider variety of skin lesions. Speci®cally, this data set lacked
malignant melanoma and junctional nevi cases. From a differential
diagnosis point of view, these de®ciencies are signi®cant.
5 Finally, the biochemical/physical basis of spectral classi®cation
needs to be addressed. As yet, near-IR spectra of tissues are poorly
understood. For scienti®c, clinical, and regulatory acceptance of
near-IR spectroscopic screening of skin lesions to occur this
understanding must be improved.
These issues are currently being addressed.
We would like to thank the patients who volunteered in this study. We would also
like to thank Dr. Sharon Wallace and Dr. Michael Sheps for referring patients to the
study.
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